Genetic studies of the human tongue have heretofore been comparatively few. The studies to date have been focused mainly on the genetic origin of the primordia of the tongue in embryos in the early stages and on the formation of its external form during the development process. Researchers agree in their studies that the primordia of the tongue develop on the ventral side of the first and second branchial arches in embryos of about four weeks old (crown-rump length of about 5 mm). However, no agreement has yet been reached on the nomenclature for the primorium which eventually develops into the body and root of the tongue.
Genetic studies of the human tongue have heretofore been comparatively few. The studies to date have been focused mainly on the genetic origin of the primordia of the tongue in embryos in the early stages and on the formation of its external form during the development process. Researchers agree in their studies that the primordia of the tongue develop on the ventral side of the first and second branchial arches in embryos of about four weeks old (crown-rump length of about 5 mm). However, no agreement has yet been reached on the nomenclature for the primorium which eventually develops into the body and root of the tongue.
Studies of the differentiation process of the surface epithelium from generation of primordia of the tongue to completion of the formation of the external form, have rarely been carried out.
The present study is to elucidate the generation of the primordia related to formation of the lingual body in embryos with crownrump length of 6.3 mm and longer and the differentiation process of the surface epithelial structure during growth.
Materials and Methods
Twenty-five human embryos with crownrump length (CRL) ranging from 6.3 mm to 45 mm were donated by a hospital for research purposes. These specimens were immediately fixed with 10% neutral formalin and further re-fixed with 3% glutaraldehyde (buffered to pH 7.3 with sodium cacodylate). Thereafter, dehydration with an ethanol, critical point drying, and platinum coating were performed by routine methods. The specimens were then observed under a 50 A scanning electron microscope and JEM T-20 Type.
Findings
Embryo of 6.3 mm CRL (estimated to be 30-32 days old) Three types of swelling were observed on the ventral side of the first branchial arch. One type consisted of paired lateral lingual swellings, with each occupying most of the ventral side of the branchial arch on the left and right side. The swellings at this stage were not very large. A second swelling located at the median rump side between the left and right lateral swellings was small flanked closely on each side by the swelling of the hyoid arch which is the ventral bulge of the second branchial arch. In short, it was an unpaired tubercle. A third type was an elongated swelling located at the median head side between the left and right lateral lingual swellings and opposite to the unpaired tubercle. The first two swellings were pri-mordia identical to those described in reports by other researchers. However, the third swelling had not yet been reported by others. This swelling was tentatively named medial long swelling (Fig. 1) by us. Magnification of the epithelial surface of these swellings showed that each of the epithelial cells of various shapes had bulged like a dome and most cells had a single cilium each offshooting from the center. Each cell had short microvilli in rows along its cell border. Other cells generally had a smooth surface but also micro-pits and fissures in places (Fig. 5) . Embryo of 7.5 mm CRL (estimated to be 33-35 days old)
Bulging of the lateral lingual swelling had become more prominent than in the preceeding stages and the swelling was egg-shaped in its overall appearance from the inner head side to the outer rump side of the longitudinal axis. The unpaired tubercle was fused with the medial long swelling, which is the third swelling, and had developed into an elongated swelling in the median between the left and right lateral lingual swellings (Fig.  2) . Magnification of this area revealed short microvilli around the single cilium which had shot out from the cell center (Fig. 5) .
Embryos of 14-19 mm CRL
The embryos of these sizes were well developed when compared with those described before and the embryo of 14 mm CRL, as shown in Fig. 3 , already presented a bulged form approximate to the shape of a mature tongue and the tongue body and root were clearly distinguishable. However, the tongue root has not yet been fully formed externally and the medial region was at a stage where the sagittal sulcus between the swellings of the left and right hyoid arches had expanded.
In the embryos of 18-19 mm CRL, the tongue showed increasing growth anteriorly, posteriorly, and laterally, and at the same time, had a sulcus-like depression in the median of the tongue tip, which is considered to be an indication of lingual median sulcus. Meanwhile, the tongue root region showed a disappearance of the sulcus in the median and was forming the shape of a mature tongue (Fig. 4) . Magnification of the embryos of 14 mm CRL and longer revealed that the single cilium had increased in length in proportion to the growth of the individual cell and that the microvilli on the cell surface had increased in number. Longer microvilli were also observed. A specific change at this stage was the appearance of ciliated cells on the entire tongue surface. Some of the ciliated cells, though limited in number, had a well developed cilium each. However, most cells had both a cilium and long villie. Embryos 30-45 mm CRL.
Single cilia observed in the embryos of the preceding stages had disappeared in these embryos. The cell surface was covered with a multitude of microvilli and these microvilli fused together to form short microridges. Furthemore, on the entire dorsal surface of the tongue were many ciliated cells resembling the respiratory epithelial surface (Fig. 6 ).
Discussion
The origin of the tongue body has been attributed in the textbooks to date to the fusion of the primordia which bulge extensively on the ventral side of the first branchial arch, namely, a paired lateral swelling (mandibular swelling) and the primoridum which bulges slightly on the medial rump side, namely the unpaired tubercle. Most important, however, is the fusion of the former or bilateral primordia and the latter is merely a transient bulge. The tongue root has been described as originating from the copula, or the primoridum which develops on the ventral median between the second and third branchial arches1-6). However, according to Yokoh (1970 ) 7), the tongue body originates macroscopically from the unpaired tubercle and its surrounding area, namely, the portion between the lateral lingual swelling and swelling of the hyoid arch, and the lateral lingual swelling does not participate in the formation of the tongue. His view that the copula is not related is quite contrary to the conventional view.
In the embryo of 6.3 mm CRL, which was the youngest of all in our study, the paired lateral swellings on the ventral side of the Tongue of human embryo 407
first branchial arch and a comparatively small unpaired tubercle were observed, as in other reports. However, in the medial crown between the left and right lateral lingual swellings, another elongated swelling located opposite to the unpaired tubercle was observed. Appearance of this third swelling in embryos of 6.0-8.0 mm CRL has not been reported to date. For identification, therefore, this third swelling has tentatively been named, medial long swelling, by us. In the embryo of 7.5 mm CRL, this swelling had fused with the unpaired tubercle and formed a bulge occupying an extensive area of the whole medial portion on the ventral side. In the embryos of 9-10 mm CRL reported by Yokoh (1970 )7), it is reported that a small tubercle, identified at first as the unpaired tubercle had disappeared, that this portion as a whole bulged in a triangular shape, and that a linear swelling in the sagittal direction was observed on the ridge (crown) of the triangular bulge. This triangular portion in cluding the linear swelling were reported to be the region which eventually form the tongue body and to further bulge in the future. In this respect, his observation shows a different development process from the fusion process of the unpaired tubercle and the medial long swelling as observed by us. Whether or not the swelling in the medial portion bulges further and eventually forms the tongue body in the succeeding development cannot be stated from our study. However, judging from the state of development of the lateral lingual swelling at this stage, this portion does not seem to be related in the formation of the future tongue body. The outer appearance of the immature tongue in the embryo of 14 mm CRL resembled closely that of the embryo of 12.6 mm reported by Yokoh. The portion corresponding to the future tongue root seems to contribute mostly to the growth and development of the swelling of the hyoid arch, and the coupla does not appear to be related, as Yokoh states. If the tongue is formed by fusion of the left and right lateral lingual swellings as conventionally described , there should be some evidence remaining in the medial tongue body, but none was observed and the portion appeared merely as a roundish smooth mass. In the next stage of growth (18-19 mm CRL), a dent considered to be an indication of the medial sulcus made its first appearance in the median of the tongue tip. It is considered that the tissues under the membrane, undergo differentiation at this time and muscular tissues are arranged bilaterally.
As described in the introduction, changes in the epithelial surface structure along with growth of the lingual primordia have rarely been investigated. The reports made to date deal with the fetal tongue when formation of the lingual papillae begins to appear.
The epithelia of the lingual primordia made its appearance in a different form from the flat and smooth epithelia of the mature tongue of a fetus or newborn, and those thereafter. First, most of epithelia had a short single cilium each and the cells with short microvilli along the cell border were observed. In proportion to individual cell growth, the single cilium grew longer and the microvilli increased in density. In embryos of 19 mm CRL and longer, ciliated cells appeared on the entire dorsal surface of the tongue. The embryos of 30-45 mm CRL show a surface structure resembling the respiratory epithelia in a mature tongue. Ever since Heiderich (1906)8) reported on the occasional existence of papillae vallate with regard to the existence of cilium in the human mature tongue, several researchers have made their reports9-11), but those on the tongue in embryos or fetuses have been very few. Takagi, et al. (1976) 12) found cells with cilia in some epithelia during their observation of the formation process of microridges in the tongue surface epithelia of an embryo of 40 mm CRL. Microvilli and microridges which are a protoplasm process of cells are certain to be observed to some extent in the epithelia anywhere not only in the immature tongue but also in the mature body. They are also observed in the oral cavity excluding keratinized epithelia. With regard to cells with a single cilium, their presence is limited to the respiratory system and a few other organs.
For other organs, reports are limited to the existence of single cilia and the case in a mature tongue described before also falls in this category.
The ciliated epithelia in the primordia of the tongue in embryos observed in the present study are not rare. They were observed in all the lingual primordia in embryos studied of 19 mm CRL and longer and in many of their epithelia.
The 
